The study objective was to examine bivariate and multivariate associations among worry, perceptions, attitudes, sociodemographics, and uptake of cancer-related germline genetic testing. We used data from the Health Information National Trends Survey (cycle 5.1), administered (January-May 2017) to a nationally representative sample of non-institutionalized adults (n = 3285). Those who had Bheard about genetic tests that determine how a disease can be treated^had a higher likelihood of Lynch syndrome and BRCA1/2 testing (aRR = 2.57, p < 0.01; aRR = 3.23, p < 0.04). Attitudinal and psychosocial variables were not associated with uptake. Future research should explore ways to educate the public about the potential use of genetics in treatment decision-making.
Introduction
Since the completion of the Human Genome Project, the rate of genomic discovery has been exponential, and increasingly, genomics has the potential to benefit patient health (Khoury et al. 2007 ). Evidence-based practices in genomics can guide clinical care by determining disease risk, treatment after diagnosis, drug selection, and the likelihood of passing an inherited disease to children (Manolio et al. 2013 ). Knowledge about genetics (Quinlivan et al. 2014 ) and psychosocial and attitudinal factors among patients and the public are important considerations in the translation of genomic medicine into clinical care and public health practice, as they are related to intentions and uptake of testing (Wade et al. 2012) .
The Multiplex Genetic Testing Model (Wade et al. 2012 ) combines constructs from several health behavior theories, including the Theory of Planned Behavior (Ajzen 1991) , Protection Motivation Theory (Rogers and Prentice-Dunn 1997) , and the Health Belief Model (Champion and Skinner 2002) . The model posits that these constructs, including worry, perceptions, attitudes, and sociodemographic characteristics (i.e., race, education, gender, marital status, age), are associated with intentions to undergo multiplex genetic testing and uptake of testing (which included testing for 15 variants that contribute to disease risk including colorectal cancer) (Wade et al. 2012) . Indeed, cancer beliefs, cancer worry, and higher risk perceptions have been associated with a higher odds of cancer prevention behaviors as well as cancer screening (Idowu et al. 2016) . Higher perceived cancer risk has been associated with increased odds of being aware of genetic testing (Agurs-Collins et al. 2015) and a higher likelihood of participating in genetic risk assessment for hereditary breast and ovarian cancer (Sherman et al. 2014 ). On the other hand, some psychosocial characteristics such as cancer information avoidance have been related to a lower likelihood of cancer screening (Emanuel et al. 2015) . While the Multiplex Genetic Testing Model was originally conceptualized in the context of multiplex genetic testing, many of the constructs have been shown to be relevant for other types of testing such as cancer-related germline genetic testing (Thompson et al. 2002; Peters et al. 2005; Hann et al. 2017) .
Hereditary breast and ovarian cancer (BRCA1/2 mutations) and Lynch syndromes (LS) are the two most common hereditary cancer disorders. Individuals with BRCA1/2 mutations and Lynch syndrome-related mutations are at increased risk of several cancers relative to the average population (Petrucelli et al. 2016 , Moller et al. 2017 ; however, the literature suggests that approximately 50% or fewer undergo genetic testing (Sharaf et al. 2013; Childers et al. 2017) . This is unfortunate as the cancer burden experienced by this high-risk population can be reduced via their identification through genetic testing and subsequent follow-up with enhanced cancer screening and surgical prevention (Evaluation of Genomic Applications in and Prevention Working 2009; Moyer and Force 2014). Conversely, cancer-related germline genetic testing among individuals who are not at high risk for hereditary cancer disorders may underlie potential harms associated with overuse (e.g., misinterpretation of results) (Roberts and Dusetzina 2017) . Thus, understanding how psychosocial and attitudinal constructs from an adapted Multiplex Genetic Testing model are associated with genetic test uptake could provide targets for improving appropriate uptake of genetic testing.
To our knowledge, no nationally representative studies have examined how constructs from the Multiplex Genetic Testing Model are associated with uptake of genetic testing for BRCA1/2 or Lynch syndrome. Accordingly, this study builds from previous work examining bivariate and multivariate demographic correlates of genetic test uptake in the same sample (Krakow et al. 2018 ) by examining the associations among worry, perceptions, attitudes, and sociodemographic characteristics and uptake of BRCA1/2 and Lynch syndrome testing.
Methods
We used data from the Health Information National Trends Survey (HINTS 5, cycle 1), administered by mail (January-May 2017) to a nationally representative sample of noninstitutionalized adults (i.e., individuals who are not in military, jail, permanent nursing homes, or other institutions) in the USA (n = 3285) (Westat 2017) . HINTS collects annual information about the use of cancer-related germline testing for BRCA1/2 and Lynch syndrome by the public (hereafter referred to as Bcancer-related germline genetic testing^). We report nationally weighted descriptive statistics for the following survey items on awareness about genetic testing and the use of cancer-related germline genetic testing:
( Among those who replied Byes^to having heard or read about genetic testing (see survey item 1 above), we examined bivariate differences (weighted chi-square/t tests) among those who were tested for BRCA1/2 and Lynch syndrome compared to those who did not receive testing. We selected independent variables based on the Multiplex Genetic Testing Model proposed by Wade et al. (2012) , and examined bivariate differences in race, age, sex, education, marital status, risk perception, cancer beliefs, cancer information avoidance (i.e., I'd rather not know my chance of getting cancer), and worry (see Fig. 1 ). We further adapted this model by adding three additional variables: (1) awareness about genetic testing (see survey item 2 above); and (2) personal and (3) family cancer history, as clinical guidelines recommend individuals for cancer-related germline genetic testing with certain personal and family cancer histories (Daly et al. 2017; Gupta et al. 2017 ) (see Fig. 1 ). Independent variables with p < 0.10 were included in a multivariable modified Poisson regression model to examine their association with BRCA1/2 and Lynch syndrome testing separately. Adjusted risk ratios were reported (STATASE14, STATACorp, College Station, TX).
Results
Respondents included in this study were primarily white (81%), on average 48 years old, and had some college or professional education or higher (76%). About half the sample was male (47%) and married (57%). (Table 1 ) About 57% of respondents were aware of genetic testing (57.1%, 95%CI = 0.55, 0.60).
Overall, among those who had heard of genetic tests, 40% of respondents knew that genetic tests could be used to determine disease treatment or drug choice (40.7%, 95%CI = 0.37, 0.44 and 43.3%, 95%CI = 0.39, 0.47, respectively). Within this nationally representative sample, 5% reported BRCA1/2 testing and less than 3% reported testing for Lynch syndrome genetic testing (see also Krakow et al. 2018 ) (Table 1) .
Being aware that genetic testing can guide treatment decisions was related to uptake of BRCA1/2 and Lynch syndrome testing in both descriptive (Table 1 ) and multivariable models (adjusted risk ratio (aRR) = 2.57, p < 0.01; aRR = 3.23, p < 0.04, respectively) ( Table 2) . For Lynch syndrome, a higher proportion of those who were tested had a family history of cancer than those who were untested; however, this association did not hold in our multivariable model.
Of interest, we did not find associations between the psychosocial or attitudinal variables and receipt of cancer-related germline genetic testing. Individuals who were cancer information avoidant were equally likely to receive versus not receive cancer-related germline genetic testing for cancer predisposition genes. Further, risk perceptions and cancer beliefs were not associated with uptake of testing.
Discussion
Within this nationally representative sample, 5% reported BRCA1/2 testing and less than 3% reported testing for Lynch syndrome genetic testing. We found that worry, perceptions, and attitudes as well as sociodemographic characteristics were not associated with uptake of cancer-related germline genetic testing. This was surprising as previous studies have indicated that these constructs are important to engagement with genetic testing (Wade et al. 2012; Sherman et al. 2014; Agurs-Collins et al. 2015) . The finding may be partially related to differences in our study population, a nationally representative sample. Unlike prior studies, which typically involve convenience samples, our findings may more accurately represent psychosocial and attitudinal correlates of testing across the American public. Further, we were unable to examine psychosocial and attitudinal constructs directly related to cancer-related germline genetic testing; instead, we examined the association between constructs related to beliefs, attitudes, and perceptions about cancer with cancer-related germline genetic testing uptake. Attitudes about genetic testing, specifically, may be more directly associated with test uptake, and should be examined in future research to understand how a broader range of psychosocial and attitudinal constructs are associated with genetic testing uptake.
We also found that those who are cancer information avoidant were equally as likely to have reported having cancer-related germline genetic testing as those who were not avoidant. This suggests that among a nationally representative sample, testing decisions may be misaligned with preferences to know about cancer risks. More specifically, our finding suggests that those who had cancer-related germline genetic testing and were cancer information avoidant may have made less informed choices, as their attitudes were in opposition to their testing behavior (Marteau et al. 2001) . We were surprised that cancer information avoidant individuals had undergone genetic testing for cancer risk as prior studies demonstrate that those who are information avoidant are less likely to engage with cancer screening (Emanuel et al. 2015) . Differences in findings may be due to the unique nature of cancer-related germline genetic testing, which, unlike cancer screening, provides not only one's own cancer risk information but also potential risk information for relatives.
In a post-hoc analysis, we found that among those who were cancer avoidant, those who engaged in BRCA1/2 and Lynch syndrome testing were more likely to be aware that genetic testing can determine the likelihood of passing an inherited disease to one's children than those who were not tested (BRCA1/2 testing: 84.1% untested vs 98.2% tested p = 0.001; Lynch syndrome testing: 84.4% untested vs. 98.0% tested p = 0.02). This suggests that other information preferences (i.e., knowing the likelihood of passing disease to children) may take priority over avoiding one's own cancer risk information, which aligns with current literature demonstrating that knowing the likelihood of passing a disease to children is a facilitator for genetic testing in families with known genetic mutations (Rajpal et al. 2017; Roberts et al. 2018) . Taken together, these findings may have implications for informed decision-making moving forward, and future studies should examine this more explicitly.
Across our sample, over 85% were aware that genetics both determines the risk of getting a particular disease and determines the likelihood of passing on an inherited disease to children. However, these awareness questions were not associated with cancer-related germline genetic testing status. In contrast, we found that only 40% were aware that genetic testing can be used to guide treatment. Indeed, another study (among participants undergoing whole exome sequencing) reported that participants had a better understanding of heredity concepts compared to knowledge that genome sequencing = 1172, Weighted N = 129,288,463 could identify variants related to treatment (Kaphingst et al. 2012) . It is possible that awareness about the role of genetics in disease treatment represents knowledge about the clinical utility of a test (Grosse and Khoury 2006) , beyond simply providing information about disease risk and inheritance. Moreover, we found that awareness about the role of genetics in disease treatment was associated with a higher likelihood of receiving cancer-related germline genetic testing for BRCA1/2 and Lynch syndrome. Educational efforts around the clinical utility of genetic testing will be important as we seek to incorporate genomic medicine into care more routinely for multiple facets of disease prevention and treatment. Although this study leverages a national, population-based dataset, it has several limitations. First, although we can examine uptake of cancer-related germline genetic testing, we are unable to determine whether this uptake was aligned with clinical guidelines for testing. In particular, our measure of family history was general and did not provide the specificity needed to determine whether an individual would be eligible for cancer-related germline genetic testing based on family history and likely explains the lack of association between family history and test uptake. Further, measures are selfreported which may limit reliability of measures such as genetic test uptake. Future studies should examine the roles of genetic testing awareness, knowledge, and preferences among those who are eligible for genetic testing. Second, while we were able to look at the association of cancer beliefs on genetic testing uptake for BRCA1/2 and Lynch syndrome, data specific to beliefs about genetics were not available. Third, because these data are cross-sectional, we cannot assume causality or temporality. The association between awareness about genetic testing for disease treatment may represent knowledge that precedes testing or is acquired during the testing process. Future prospective research can examine this explicitly. Fourth, our awareness items about genetic testing measure awareness and not necessarily deeper understanding, thus we cannot study the extent to which respondents conflate different uses of genetic testing. Finally, while we used measures from the published literature (Agurs-Collins et al. 2015) , some constructs (e.g., cancer worry) were measured with single items and may not fully capture their dimensionality. It is possible that these limitations contributed to differences seen in the literature regarding the association between psychosocial and attitudinal beliefs and genetic testing.
Conclusions
These findings provide nationally representative data about uptake of genetic testing for BRCA1/2 and Lynch syndrome in the USA. Overall, educational efforts should target informing the public about the role of genetics for guiding treatment decisions, as this was related to uptake of cancer-related germline genetic testing and demonstrates a potential gap in the publics' awareness about genetic testing more broadly. Additional work is warranted to ensure that uptake of cancer-related germline testing is aligned with preferences for information seeking. Finally, to better understand psychosocial and attitudinal factors associated with testing, other constructs, such as time orientation and trust in medical practice, should be explored to more fully understand uptake of genetic testing for cancer hereditary syndromes nationally.
